Na
] sm during I Na may be 60 times higher than bulk ⌬[Na ؉ ] i .
C ardiac Na
ϩ -Ca 2ϩ exchange (NCX) is reversible with a 3:1 stoichiometry 1 (but see References 2 and 3). Net charge flows in the direction of Na ϩ transport, generating current (I NCX ) with an electrochemical reversal potential (E NCX ϭ3E Na Ϫ2E Ca ). NCX current (I NCX ) direction and amplitude depend on internal and external [Ca 2ϩ ] and [Na ϩ ] and membrane potential (E m ). 4 However, these change dynamically during the action potential (AP), and bulk cytosolic [ 
Materials and Methods
Rabbit myocytes were isolated, and current was recorded using whole-cell ruptured patch clamp, as previously described (at 36°C). 2ϩ -activated Cl current, I Ca , and Na ϩ /K ϩ -ATPase. I NCX was taken as current blocked by 10 mmol/L Ni. Holding E m (E hold ) was Ϫ53, the predicted E NCX . Access resistance was 3.4Ϯ0.37 M⍀, with ϭ635Ϯ62 s and C m ϭ191Ϯ18 pF (nϭ7). I Na was activated for 5 ms at Ϫ30 mV (just long enough to ensure full I Na decay). To optimize I Na control, series R compensation (Ͼ70%) with capacitance transient cancellation was applied.
We used our previously characterized equation 5, 13 
Results
In the control protocol ( Figure 1A ), I Na was unavailable (E hold ϭϪ53), so no I Na occurred on step to E m ϭϪ30 mV for 5 ms. The I NCX traces characterize the E m dependence of I NCX (without I Na ). With a prepulse to E m ϭϪ120 mV ( Figure 1B ; allowing I Na recovery), the step to Ϫ30 mV activated large I Na . Difference currents (⌬I NCX , Figure 1C ) show that I Na had little effect on I NCX .
Because there was little difference, even at E m ϭϩ50 mV, we went beyond physiological E m , up to ϩ100 mV (where I NCX is especially [Na ϩ ] i sensitive). 13 Figure 2A shows average I NCX versus E m during the 5-to 10-ms period after the Ϫ30 mV pulse. Figure 2B shows average I Na -induced ⌬I NCX (from Figure 2A) . The ⌬I NCX for the 5-to 10-ms time window was unaltered for E m Ͻϩ50 mV, and the same was true at all E m for the 95-to 100-ms time window. At E m Ն50 mV, there was a transient effect of I Na to increase outward I NCX . Dotted lines show shifts in I NCX expected for a ⌬[Na ϩ ] i of 0.23 and 0.5 mmol/L. The I Na -dependent ⌬[Na ϩ ] sm required to explain the ⌬I NCX is 0.22 to 0.23 mmol/L (at 80 to 100 mV). Because ⌬[Na ϩ ] sm converges to 0.23 mmol/L at the most positive E m (where ⌬I NCX is most measurable), we accept this value. The slight inward ⌬I NCX at more negative E m is not an expected effect of I Na on I NCX , and its basis is not obvious. Figure 2C shows the transient outward ⌬I NCX component induced by I Na at ϩ50 and ϩ100 mV (because the increased [Na ϩ ] sm decayed by 95 to 100 ms). These difference currents were fit to single exponentials (ϩ100 mV: ϭ16.3Ϯ4.6 ms, nϭ4; ϩ50 mV: ϭ14.7Ϯ6.2 ms, nϭ7 (Figure 2C ).
Currents as Sensors of Submembrane Ion Concentrations
Ion currents have been used to sense [Ca 2ϩ ] sm near Ca 2ϩ -activated chloride channels, 14 Ca 2ϩ channels, 15 and NCX. 5, 16 Our experiments were similar to those of Silverman et al, 12 who were unable to detect [Na ϩ ] sm changes near Na ϩ /K ϩ -ATPase by measuring Na ϩ pump currents 10 ms after I Na . However, at E m to Յ50 mV, we also failed to detect I Na -dependent [Na ϩ ] sm elevation. Thus, I Na -induced perturbations in Na ϩ /K ϩ -ATPase or I NCX may be near the detection threshold.
Sources of Error
Our average peak I Na (10.3Ϯ2.9 nA) was smaller than expected in intact myocytes (Ϸ50 nA). 4 We probably did not achieve full I Na availability, but greater I Na would have complicated voltage clamping, and longer time at E m ϭϪ120 mV could alter [Ca 2ϩ ] sm . Thus, physiological peak ⌬[Na ϩ ] sm could be 1 to 2 mmol/L. Offsetting factors where we may overestimate ⌬[Na ϩ ] sm unphysiologically are that I Na driving force is greater at E m ϭϪ30 mV than during an AP and Na ϩ /K ϩ -ATPase was blocked. 10,11 4 This agrees with ultrastructural data indicating that neither NCX nor Na ϩ channels are at dyadic clefts (but are in T-tubules). 17 Moreover, NCX and Na ϩ channels may not colocalize 17 
